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INTRODUCTION
According to WHO, 17.5 million peoples died from CVDs in 2012 [1] . Myocardial infarction (MI), as one of CVDs which causes major death, is characterized by an imbalance of coronary blood supply and demand, resulting in myocardial ischemic injury and cardiomyocytes damage [2] . It is manifested by biochemical alternations accompanied with altered cardiac injury marker enzymes and cardiomyocytes survival [3] . These changes are consequential to the augmented increase in the reactive oxygen species, resulting in oxidative damage to membrane lipids, proteins, carbohydrates and DNA [4] . Therefore, antioxidants may be useful in the treatment of myocardial infarction [5] .
In the past decade, there has been an increase in demand for using safe, natural cheap products to reduce the incidence and financial burden of the treatment of myocardial infarction [6] , so much interest has focused on complementary and alternative medicine such as herbal medicine in the treatment of myocardial infarction. The search for new agents of herbal remedies may be beneficial in the treatment of this disease.
Flavonoids are a group of natural phenolic compounds which have an activity as antioxidants [7] . It has been reported that daily consumption of flavonoids can reduce the incidence of MI [8] . It has been widely studied that the genus Sonchus is rich in flavonoids and polyphenols. Furthermore, Sonchus arvensis L. is one of the plants that has been reported to have flavonoid, therefore we hypothesized that S. arvensis L. might have cardioprotective effect [9] .
Isoproterenol is a potent synthetic catecholamine which induces subendocardial myocardial ischemia and hypoxia. Isoproterenol administration is followed by numerous pathophysiology and biochemical changes such as lipid peroxidation, hyperlipidemia, inflammation, myocyte loss, necrosis, increased calcium overload, and alterations of membrane permeability [10] . Administration of isoproterenol to test animal closely resembles local myocardial infarction-like pathological changes seen in human myocardial infarction [11] . We therefore investigated the effects of the oral administration of the S. arvensis (Linn.) ethanolic extract and its fraction on the cardiac marker and on pro-inflammatory cytokine in isoproterenol-induced myocardial infarction rats. The cardiaoprotective effect was also studied in vitro by measuring cardiomyocytes survival upon nutrient deprivation
RESULTS

Effect of fractions of Sonchus arvensis ethanolic extract on cardiac injury marker
In our previous study, pretreatment with ethanolic extract of S. arvensis (50, 100 and 200 mg/kg bw) daily for a period of 14 days attenuated significantly the serum activities of AST, ALT, CK, CK-MB and LDH enzymes compared to ISO alone treated (positive control) rats [12] . However, increase of the dose did not increase its activities. The study was then continued on evaluating S. arvensis fraction's activities on cardiac injury marker of ISO-induced MI rats using separated 8 groups.
As can be seen in Table 1 , pretreatment with n-hexane and ethyl acetate fraction of S. arvensis for a period of 14 days had no effect on serum activities of AST, ALT, CK, CK-MB, and LDH enzymes compared to ISO alone treated rats. However, pretreatment with water fractions of S. arvensis at dose of 100 mg/kg bw for a period of 14 days showed that water fraction normalized the activities of all cardiac marker studied, indicating cardiac protective effect of water fraction of S. arvensis upon ISO administration. The inhibition of water fraction of S. arvensis on cardiac marker enzymes activities were higher when the dose of water fraction was increased to 200 mg/kg bw, suggesting a dose-dependent activity. 
Effect of fractions of Sonchus arvensis ethanolic extract on cardiomyocyte survival after starvation challenge
The survival of cardiomyocytes after a starvation-challenge was assessed by cell titer blue assay ( Figure 1 ). It was found that cardiomyocyte nutrient deprivation treatment significantly reduced cell viability to 36.58% when compared to the normal control. The viability of starved cardiomyocytes cells upon ethanolic extract, n-hexane fraction and ethyl acetate fraction of Sonchus arvensis pretreatment had lower viability than serum-deprived cells (positive control), indicating cardiotoxic effect of the treatment. Only water fraction of Sonchus arvensis could significantly increase viability of cardiomyocytes upon starvation challenge. The effect of water fraction of Sonchus arvensis was similar to leukemia inhibitory factor (LIF) effect. Figure 1 . The protection of water fraction of Sonchus arvensis against starvation-induced injury in cardiomyocytes cells. Cells were treated based on their group and starved for 24 h. Cell viability was then measured by cell titer blue assay. The data are expressed as mean ± SEM. Three replicates were done in each experiment. Three independent experiments were performed. # indicated the groups with significant difference (p < 0.05) when compared to the negative control group. * indicated the groups with significant difference (p < 0.05) when compared to the serum deprivation group. LIF compound was used as survival reference control group.
Effect of fractions of Sonchus arvensis ethanolic extract on TNF-α serum level of isoproterenolinduced myocardial infarction in rats.
Tumor Necrosis Factor-α (TNF-α), a proinflammatory cytokine, has been reported to induce apoptosis. As TNF receptor is expressed in cardiomyocytes, therefore high level of TNF-α serum may cause cardiomyocytes death [13] . To understand further on mechanism of fractions of S. arvensis in protecting the cardiomyocytes, serum level of TNF-α was measured (Figure 2 ). It was found that ISO administration alone could significantly increase level of TNF-α compared to negative control group suggesting that isoproterenol administration induced inflammation in rats. Similar with previous result, only pretreatment with water fractions of S. arvensis could significantly attenuate the increase of TNF-α serum level upon ISO administration. Water fraction of Sonchus arvensis reduced the TNF-α serum level of isoproterenol-induced myocardial infarction in rats. Animals were pre-treated with extract or fractions based on their group for 14 days and then injected with isoproterenol 85 mg/kg bw intraperitoneally for 2 consecutive days. While positive control group only received isoproterenol intraperitoneally for 2 consecutive days. TNF-α serum level was then measured using ELISA kit. The data are expressed as mean ± SD. n=3/group. # indicated the groups with significant difference (p < 0.05) when compared to the negative control group. * indicated the groups with significant difference (p < 0.05) when compared to the positive control group.
DISCUSSION
In present study, the effect of ethanolic extract of S. arvensis and its fractions as cardioprotective drug was studied in vivo and in vitro. It was found that only water fraction of S. arvensis that attenuated the increase of cardiac injury marker due to isoproterenol administration. In line with in vivo study, result from in vitro study also showed that only water fraction of S. arvensis that could protect cardiomyocytes from apoptosis due to starvation challenge. Overall, our results provide information that water fraction of S. arvensis has a potency to be developed further as cardioprotective drug.
Myocardium pathophysiological changes were found to be in well accordance with the increase in cardiac biomarker enzyme activities in the serum of MI rats [14] . The present study shows that pretreatment with water fraction of S. arvensis significantly prevented the increase of AST, ALT, CK, CK-MB, and LDH level in serum. While other fractions of S. arvensis showed the increase of serum AST, ALT, CK, CK-MB, and LDH level, even higher than positive control group. The similar result was exhibited by examining the viability of starved cardiomyocytes cells which showed higher viability than positive control for water fraction but lower viability for other fractions, indicating cardiotoxic effect of ethanolic extract, n-hexane fraction and ethyl acetate fraction of Sonchus arvensis.
Myocardial cell apoptosis played a key role in heart dysfunction after MI. In the present study, water fraction of S. arvensis demonstrated significant anti-apoptotic property in vitro. Pre-treatment with water fraction prevented cell loss induced by apoptosis. As this data is in line with in vivo data and TNF-α level in rat serum was low in water fraction pretreatment group, it suggests that water fraction of S. arvensis exhibited protective effects by inhibiting the release of TNF-α, a pro-inflammatory cytokine. However, further study is still needed to prove the concept.
Among six sonchus (Sonchus oleraceus L., Sonchus arvensis L., Sonchus asper (L.) Hill., Sonchus uliginosus M.B., Sonchus brachyotus DC. and Sonchus lingianus Shih) which were investigated by Xia, S. arvensis extract contained the highest antioxidant [15] . Moreover, it is known that flavonoids have antioxidant activity and are soluble in water when it binds to sugar groups [16] . Study by Khan showed that total flavonoids in various fractions of S. arvensis are found the highest in methanol fraction and the lowest in n-hexane fraction [17] . Furthermore, previous study by Khan also showed that flavonoids content in S. arvensis is a hydrophilic compound, thus the presence is most likely to be found in water fraction. In this study, we also measured flavonoid level in our water fraction of S. arvensis and found 10.24 mg flavonoid/g fraction. Therefore, we hypothesized that flavonoids might play a role in cardioprotective activity in water fraction of S. arvensis.
This study implies a pharmacological knowledge of a water fraction of S. arvensis Linn. for the protection of heart upon myocardial infarction. The therapeutic use of a water fraction of S. arvensis Linn. can be explored further for other type of cardiovascular disease. This study may act as a pharmacological groundwork of the cardioprotection effect of S. arvensis Linn.; however, one of the limitations of this study is that the cardioprotective effect of the water fraction of S. arvensis Linn was only tested on rat and cardiomyocytes. More studies need to be conducted to affirm the cardioprotective potential of S. arvensis Linn to humans.
CONCLUSION
In conclusion, our study firstly demonstrated cardioprotection of water fraction of Sonchus arvensis L. leaves against isoproterenol-induced myocardial infarction in rats and cardiomyocytes survival upon nutrition deprivation. One of probable mechanisms of cardioprotection of water fraction of Sonchus arvensis L. leaves is by reducing the TNF-α production. Our results suggest that water fraction of Sonchus arvensis L. is potential to be developed further as a cardioprotective drug.
MATERIALS AND METHODS
Material
The ethanol extract of Sonchus arvensis (Linn.) leaves were freshly collected from Baleendah, West Java-Indonesia and determined in Herbarium Bandungense, School of Life Sciences and Technology, Institut Teknologi Bandung (No. 2154/I1.CO2.2/PL/2016). Aspartate Transaminase (AST), Alanine Transaminase (ALT), creatine kinase (CK), creatine kinase-MB (CK-MB), and lactate dehydrogenase (LDH) commercial kits were supplied by Sclavo Diagnostic International, Sovicille, Italy. Tumor necrosis factor-α (TNF-α) enzymelinked immuno sorbent assay (ELISA) kits were supplied by Biolegend, San Diego, CA, USA. Isoproterenol was purchased from Sigma Aldrich Chemical Co., LLC., USA. Moreover, Leukemia Inhibitory Factor (LIF) was purchased from Merck Millipore, Darmstadt, Germany. Other reagents were of commercial analytical grade. All other chemicals and reagents used for study were of analytical grade and were purchased from approved organizations.
Extraction and fractionation of Sonchus arvensis (Linn.)
Crude drug of S. arvensis leaves was extracted by reflux method using ethanol 96% as a solvent, then evaporated to obtain a thick extract. The crude extract (50 g) was dispersed in hot water and subjected to sequential liquid-liquid extraction with n-hexane and ethyl acetate to yield fractions. These processes produced n-hexane, ethyl acetate, and water fraction. The rats were divided into 8 groups (3 in each group): (1) negative control group, (2) positive control group, (3) n-hexane fraction 100 mg/kg bw, (4) n-hexane fraction 100 mg/kg bw, (5) ethyl-acetate fraction 100 mg/kg bw, (6) ethyl-acetate fraction 200mg/kg bw, (7) water fraction 100 mg/kg bw, and (8) water fraction 200 mg/kg bw. All test groups were fed with the suspension of fractions of Sonchus arvensis (Linn.) extract by oral gavage once a day for 14 days, along with standard rat chow and water ad libitum. On day 13 and 14, isoproterenol (85 mg/kg bw; i.p) was given to positive control group and test groups [17] . After 24 h of the last treatment, orbital blood samples were collected from all groups. Blood were collected and centrifuged at 3000 rpm for 10 min to obtain the serum. The samples were stored at -80 C until used.
Experimental procedure
Measurement of cardiac injury biomarkers
Serum was used for estimation of Aspartate Transaminase (AST), Alanine Transaminase (ALT), Creatine Kinase (CK), Creatine Kinase-MB (CK-MB), Lactate Dehydrogenase (LDH) and Tumor Necrosis Factor-α (TNF-α). The results were expressed as IU/L for AST, ALT, LDH and mg/dL for CK, CK-MB. TNF-α serum was measured using ELISA reader following the corresponding instructions and the result was expressed as pg/ml.
Viability test
Neonatal rat cardiomyocyte (NRCM) culture was prepared as described previously [18] . NRCM cells were plated on to 96-well plates for cell titer blue assay. Extract or fractions treated cells were under serum deprivation for 24h, and 10 μl CellTiter-Blue® reagent (Promega) was added to each well after extract or fractions addition. Plates were incubated for 3h at 37 °C in a tissue culture incubator, and fluorescence was measured at 560/590 nm using a plate reader. LIF was used as a reference control as it promotes cardiomyocytes survival [19] .
Statistical analysis
Significant difference between control and experimental groups was assessed by ANOVA test. P< 0.05 was considered to be statistically significant. The result of this study was analyzed statistically using SPSS 20 program.
